ABSTRACT. Weinvestigated effect of docosahexaenoic acid on lipoprotein synthesis and secretion by cultured eel hepatocytes. Wheneel hepatocytes were incubated with 1 mMdocosahexaenoic acid (DHA)at 28°C for 24 h, triacylglycerol (TG), free cholesterol (FC), and cholesteryl ester (CE) syntheses from 14C-acetate increased 9.7-, 1.6-, and 8.5-fold, respectively, and the specific activity of TG was twofold that of control. These results indicate the stimulative effect of DHAon lipid synthesis. However, the radioactivity of the lipoprotein secreted by DHA-treated cells incubated with 14C-acetate and 3H-leucine reduced to 55 and 60%, respectively, compared to that by control cells, but DHAdid not affect the incorporation of 3H-leucine into other secreted protein. Furthermore, the amount of the secreted lipoprotein per 24 h by DHA-treated cells also reduced to 17%. These results show that DHAinhibits the secretion of lipoprotein. Intracellular lipids such as TG, PL, and TC increased by 4.8, 1.6, and 1.8 times, respectively, in DHA-treated cells. The remarkable increase in TG in DHA-treated cells seems to be due to the stimulative effect of DHAon TG synthesis and an inhibitory effect of DHAon lipoprotein secretion, since about 70%of the secreted lipoprotein consists of TG. The chemical composition and apoprotein profile of the lipoprotein secreted by DHA-treated and control cells were almost the same. These results suggest that DHA inhibits the assembly or secretion of the lipoprotein in eel hepatocytes.
It is known that fish oil contains high unsaturated fatty acids (HUFA) such as docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) (2, 7), and that DHA and EPAare essential fatty acids for growth and survival of fish (5, 21, 22) . These fatty acids are contained as components in triacylglycerol (TG), phospholipid (PL), and cholesterol ester (CE) of fish serum lipoproteins such as very low density lipoprotein (VLDL)and high density lipoprotein (HDL). Wehave reported previously that addition of eel serum VLDLor HDLstimulates the synthesis and secretion of the lipoprotein by cultured eel hepatocytes (14, 25) .
Manyreports of effect of feeding fish oils on serum lipoproteins of human (6, 10, 13), rat (23) and rabbit (1) indicate the decrease of VLDLsecretion, resulting in the reduction of serum TG. However, it was reported that carp dietary HUFAcontaining DHAand EPA did not reduce serum TGsignificantly (18). Fish oil is digested by pancreatic lipase and absorbed into epithelial cells of intestine, where cells reconstitute chylomicron from absorbed fatty acids and secrete it. The liver incorporates chylomicron remnant after hydrolysis of chylomicron by lipoprotein lipase through circulation, decomposes it to TG, PL, CE, FC, fatty acids containing DHAand EPA, and amino acids, and these products influence the synthesis and secretion of lipoprotein in liver. Eel serum HDLcontaining DHAand EPA stimulated the synthesis and secretion of the lipoprotein by cultured eel hepatocytes (14) . Wethen sought to clarify whether the effect of DHAon lipoprotein metabolism in cultured eel hepatocytes was the same as to those reported using cultured hepatocytes of mammals. Addition of 1 mMDHAto eel hepatocytes decreased the secretion of lipoprotein as well as the amountof the radioactivity of the lipoprotein incorporating 14C-acetate or 3H-leucine, and increased the intracellular lipid content and lipid synthesis from 14C-acetate. GBq/mmol) were purchased from Amersham Japan. Sephadex-G-25 was obtained from Pharmacia Japan. Collagenase, insulin from bovine pancreas, and cis-4,7,10, 13,16, 19-docosa-** To whomcorrespondence should be addressed. Abbreviations: DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; TG, triacylglycerol; PL, phospholipid; TC, total cholesterol; CE, choresteryl ester; FC, free cholesterol; FA, fatty acid; VLDL, very low density lipoprotein; HDL, high density lipoprotein.
MATERIALS AND METHODS

Materials. Leivobits L-15 and fetal bovine serum (FBS)
hexaenoic acid ethyl ester were from WakoPure Chemical Ind. Enzymatic kits for lipid analysis were from Kyowa Medex. Plastic dishes (9 and 6 cm) were obtained from Sumitomo Bakelite Co. Other chemicals were purchased from WakoPure Chemical Ind. or Nakarai Tesque. Eels weighing 200 to 250 g were purchased from Sueyoshi Co. in Kagoshimaand were starved for several days before experiments.
Primary culture ofhepatocytes. Isolated hepatocytes were prepared by collagenase digestion of a per fused liver and cultured as described previously (8, 9). Docosahexaenoic acid solution. Docosahexaenoic acid (DHA) was dissolved at a concentration of 100 mMwith dimethyl sulfoxide and used at a final concentration of 1 mMin cultured medium. To control mediumonly an equal volume of dimethyl sulfoxide was added.
Incorporation of 14C-acetate into intracellular lipids and the secreted lipoprotein. Hepatocytes in a 10 cm dish cultured for 5 days were washed with FBS-and insulin-free L-15 medium and incubated in 7 ml of the same medium containing 10.57 kBq/ml of 14C-acetate with or without 1 mMDHAat 28°C for 24 h. After incubation, the medium was recovered and hepatocytes were washed with 3 ml of PBS. The medium and the PBS used to wash the cells were combined and centrifuged for 5 min to remove cells and cell debris at 3,000 rpm. The supernatant was used for lipoprotein fractionation by density gradient ultracentrifugation. Radioactivity of each fraction was counted by a liquid scintillation counter (Aloka LS-3500).
After washing with PBS, 0.75 ml of methanol was added to the hepatocytes on a dish. The cells were scraped with a silicon rubber policeman and recovered into a glass tube with a stopper. The dish was washed twice with 0.65 ml of methanol and the methanol used to wash the dish was combined with the recovered cells in the glass tube. To the glass tube containing the recovered cells, 0.63 ml of chloroform and 0.5 ml of water were added and the mixture was vigorously shaken. The mixture was left for 2 h at room temperature and then centrifuged at 3,000 rpm for 10 min. The supernatant was transferred to another glass tube and the precipitate was reextracted with 2.38 ml of chloroform-methanol-water (1 :2:0.8). After centrifugation, supernatant was combinedand the precipitate dried under N2 stream was dissolved with 2 ml of 0.1 N NaOHfor radioactivity measurement and protein assay as intracellular protein. Chloroform (1.25 ml) and water (1.25 ml) were added to the combined supernatant and centrifuged. The chloroform layer was recovered and evaporated to dryness under N2 stream. Extracted lipids were dissolved in 200 fA of 5% Triton X-100 and lipids in 5% Triton X-100 were assayed by enzymatic methods. Fractionation oflipoprotein by a Superose 12 HR10/30 column. Gel-filtration by a Superose 12 HRcolumn was used to separate lipoprotein from proteins secreted by cultured hepatocytes. Wereported previously that a secreted lipoprotein was a VLDL-(or chylomicron-) like one (24) . As shown in Fig. 1A , eel serum VLDL,HDL,and other proteins were separated by the Superose 12 HR column. Eel serum VLDLand HDLwere prepared by density gradient ultracentrifugation as described elsewhere (24) .
After hepatocytes were incubated with FBS-and insulinfree L-15 medium containing 10.57 kBq/ml of 14C-acetate or 26.43 kBq/ml of 3H-leucine with or without DHAat 28°C for 24 h, the mediumwas taken into a glass tube and centrifuged for 5 min to remove cells and cell debris at 3,000 rpm. The supernatant was filtrated with a membranewith 3.0^m pore size (Millipore) and 100 fA of the filtrate was applied to a Superose 12 HRcolumn equilibrated with PBS. Fractionation of lipoprotein by ultracentrifugation.
Secreted and serum lipoproteins were fractionated by density gradient ultracentrifugation (4). Medium containing the lipoprotein secreted by cultured hepatocytes was applied to a Sephadex G-25 column (1.6 x 15 cm) equilibrated with phosphate buffered saline (PBS) to isolate the protein fraction. KBr was added to the protein fraction eluted from a Sephadex G-25 column at 0.4g per ml and an equal volume of 0.75% NaCl was laid over the KBr solution in a centrifuge tube. The secreted lipoprotein was fractionated by density gradient ultracentrifugation at 40,000 rpm for 16 h at 15°C in a 70 Ti rotor using an Optima L-80 centrifuge (Beckman). Incorporation of 3H-leucine into intra-and extracellular proteins. Hepatocytes cultured for 5 days with L-15 medium containing 5% FBS and 0.16 pM insulin were washed with FBS-and insulin-free L-15. The cells were incubated with the same medium containing 26.43 kBq/ml of 3H-leucine with or without DHAat 28°C for 24 h. After incubation, the medium was applied to a Superose 12 HRcolumn or density gradient ultracentrifugation to separate the secreted lipoprotein and other secreted proteins as described above. Hepatocytes on a dish were washed with 3 ml of PBS and 3 ml of0.1 N NaOHwas added to the cells. The lysed cells were placed in a glass tube. The dish was washed twice with 1 ml of 0.1 N NaOHand the washing solution was combined in the same test tube. Protein oflysed cells in 5 ml of0.1 NaOHwas precipitated with 1.3 ml of 50% trichloroacetic acid (TCA) and centrifuged at 3,000 rpm for 5 min. The precipitate was washed with 2 ml of 5%TCAthree times and dissolved with 2 ml of 0.1 N NaOHfor radioactivity measurement and protein assay.
TLCand analysis of protein and lipid. Extracted lipid (10 /^1) was applied to a TLC aluminum sheet precoated silica gel 6O F254 (E. Merck), and n-hexane-diethylether-acetate (80:20:1) was used as developing solvent. After developing, the sheet was sprayed with 50% sulfate, and each lipid was detected by heating the sheet at 150°C. Tripalmitateglycerol, cholesterol, cholesteryl palmitate, and lecithin were used as standards and carriers. Protein was assayed by the method of Bradford (3) in the range of0.1-1.5 mg/ml and bythe method of Smith etal. (19) in the range of 1-20 /ig/ml. Triacylglycerol (TG), phospholipid (PL), total (TC) and free cholesterol ( Fraction No. tracted lipid were determined by means of enzymatic kits (Kyowa Medex) known as Determiner TG-S555, Determiner PL, Determiner TC-555, and Determiner FC-555, respectively. SDS-PAGEand autoradiography. After extraction of the lipid of the secreted lipoprotein as described above, the precipitate of the apoproteins was washed with 5%TCAtwice, and proteins were then resolved by electrophoresis on 5-17.5% acrylamide gradient slab gels (1 1). After electrophoresis, the gel was treated with 70% ethanol for 2 h and 3% glycerol for 30 min and dried by a gel dryer. The incorporation of 3H-leucine into the secreted apoproteins was determined by a Fujix BAS1000 Bio-imaging analyzer (Fuji Photo film Co.). Proteins on a gel were stained with 0.25% Coomassie Brilliant Blue R-250 in 45% ethanol-10% glacial acetic acid and destained with 25.5% ethanol-8% glacial acetic acid. Calibration proteins for high (Boehringer Mannheim) and low (Pharmacia) molecular weight were used.
RESULTS
Effect ofDHAon secretion of a lipoprotein incorporating 14C-acetate. Hepatocytes in a 6 cm dish were incubated in 4 ml of FBS-and insulin-free L-15 containing 14C-acetate supplemented with or without 1 mM Eel serum VLDL,HDL, and other serum proteins were prepared by density gradient ultracentrifugation as described previously (24) . Protein concentrations of VLDL, HDL, and other serum proteins were 0.64, 1.84, and 3.40 mg /ml, respectively. Each sample was filtrated with a membrane with 0.45 //m pore size (Millipore) and 100 (A of the filtrate was applied to a Superose 12 HRcolumn equilibrated with PBS. Lipoproteins and other proteins were eluted with PBSat a flow rate of 18 ml/h. -O-VLDL; -0-HDL; -Q-Other serum proteins. B, Fractionation of the secreted 14C-lipoprotein incorporating 14C-acetate by a Superose 12 HR column. Hepatocytes of 1.1 x lOVdish (6 cm) were cultured in 4 ml of L-15 medium containing 5% FBS and 0.16 fiM insulin for 5 days. Then the mediumwas changed to 4 ml of FBS-and insulin-free L-15 medium containing 10.57 kBq/ml of 14C-acetate with or without 1 mMDHA,and the hepatocytes were further incubated at 28°C for 24 h. After incubation, the mediumwas centrifuged at 3,000 rpm for 5 min and the supernatant was filtrated with a membrane with 3.0 //m of pore size (Millipore). One hundred [A of the filtrate was applied to a Superose 12 HR10/30 column equilibrated with PBS and the secreted lipoprotein was eluted with PBS at a flow rate of 18 ml/h. A fraction was collected every 0.5 ml and radioactivity of each fraction was measured with a scintillation counter (Aloka LS35OO Hepatocytes were cultured and incubated as described in Fig. IB To compare the radioactivities of PL, TG, FC, cholesteryl ester (CE), and free fatty acids (FA) extracted from 14C-lipoprotein secreted by DHAtreated and control cells, the extracted 14C-lipid was then applied to TLC. 14C-Secreted lipoprotein was prepared by density gradient ultracentrifugation.
As shown in Table I , radioactivities of PL, TG, and FC were 42, 45, and 50% those of control cells, respectively. The sum of PL, TG, FC, CE, and FA radioactivities of 14C-lipoprotein secreted by DHAtreated cells was 45% that of control cells. These results were consistent with the results shown in Fig. 2A . It was found that 1 mMDHAreduced the secretion of the lipoprotein incorporating 14C-acetate in eel hepatocytes. Effect of DHAon 3H-leucine incorporation into intra-and extracellular proteins by cultured hepatocytes. Weinvestigated the effect of DHAon the incorporation of 3H-leucine into intra-and extracellular proteins. After 24 h incubation, the mediumwas applied to a Superose 12 HRcolumn. The secreted lipoprotein was separated from the other proteins (Fig. 3) and the radioactivity of the 3H-lipoprotein was significantly decreased by 1 mMDHA (Table II) . DHAdid not affect the incorporation of 3H-leucine into the other secreted proteins as shown in Table II . -0-3H-proteins secreted by control hepatocytes; -O-^-proteins secreted by DHA-treated hepatocytes.
After incubation, the hepatocytes were washed with PBS, lysed with 0.1 N NaOH, and the intracellular proteins were precipitated with TCA.The incorporation of 3H-leucine into the intracellular proteins was slightly increased by DHA, but not significantly so (Table II) . taken from the top was delipidated by chloroform-methanol method as described in "Materials and Methods". Then the apoproteins were dissolved with 60 [A of sample buffer for SDS-PAGEand the sample was applied to a 5-ll.5% gradient slab gel. The amounts of the radioactivity of the loaded samples prepared from DHA-treated and control cells were 1.ll x 105 and 1.14x 105 dpm, respectively. After SDS-PAGE,the gel was dried and exposed to a Fuji imaging plate at room temperature for one week and analyzed by a Fujix BaslOOOBio-imaging Analyzer (Fuji Photo Film Co.). B, SDS-PAGE of the lipoprotein secreted by DHA-treated and control hepatocytes. After 5 days culture, hepatocytes of 2 x 107 cells/dish were incubated with 7 ml of FBS-and insulin-free L-15 medium with or without 1 mMDHAat 28°C for 24 h. The secreted lipoprotein was fractionated by density gradient ultracentrifugation and delipidated by methanol and chloroform method. Apoproteins of ll.3 and 74.0^g secreted by DHAtreated and control cells, respectively, were applied to a 5-17.5% gradient slab gel. After SDS-PAGE,the proteins on the gel was stained and destained as described in "Materials and Methods". Hepatocytes were cultured and incubated as described in Fig. 3 . Intra-and extracellular proteins were prepared as described in "Materials and Methods". The values are mean±S.D. for 4 experiments. * Significantly different from the control value. p<0.01 Hepatocytes were cultured and incubated as described in Fig. 4B phoresis, each 3H-apoprotein was detected with a Fujix BAS1000 Bio-imaging Analyzer (Fuji Photo Film Co.).
As shown in Fig. 4A , the profiles of 3H-apoproteins from DHAtreated and control cells were the same. These results assume that DHAdoes not affect the synthesis or secretion of any particular apoprotein, but affects the synthesis or secretion of a whole lipoprotein particle.
Effect ofDHAon content of protein, triacylglycerol, phospholipid, and cholesterol of the secreted lipoprotein. Effect of DHAon content of protein and lipid consisting of the secreted lipoprotein was investigated.
As shown in Table III creted by DHAtreated and control cells were almost the same (Table III) . TGwas a main component of both secreted lipoproteins and about 70%. Protein ratio of the lipoprotein secreted by control cells was slightly higher than that of the lipoprotein secreted by DHA-treated cells.
Apoprotein composition by SDS-PAGE was also investigated on the lipoprotein secreted by DHAtreated and control cells. As shown in Fig. 4B , apoprotein compositions of both the secreted lipoproteins were the same. Major apoproteins were apo AI (24 kDa), All (13 kDa), and B (260 kDa) in both lipoproteins as re- The values are calculated from Tables I, II, and III. ported previously (24) . The profile of apoproteins by protein staining was consistent with that of 3H-apoproteins by autoradiography. Specific activities of the protein, TG, PL, and CH of the secreted lipoprotein incorporating 14C-acetate or 3H-leucine were calculated from Tables I, II and III. As shown in Table IV Effect of DHAon lipid synthesis from 14C-acetate. Hepatocytes in a 6 cm dish were incubated in 4ml of FBS-and insulin-free L-15 containing 14C-acetate with or without 1 mMDHAat 28°C for 24h and after incubation, intracellular lipid was extracted. The incorporation of 14C-acetate into the extracted lipid was stimulated 3.5-fold by 1 mMDHA (Fig. 2B) . After separation of lipid components by TLC, radioactivities of TG, PL, FC, and CE were determined and those ofTG, PL, FG, and CE of DHA-treated cells were 9.7-, 1.0-, 1.6-, and 8.5-fold, respectively, compared to those of control cells (Table V) . These results indicate the stimulative effect of DHAon lipid synthesis. Effect ofDHAon content ofintracellular lipid. Lipid was extracted from DHAtreated and control cells and their intracellular TG, PL, and TC were deter- Hepatocytes were cultured as described in Fig. 1-B . Intracellular lipid was extracted and separated by TLC as described in "Materials Methods". The values are mean for 2 experiments. Hepatocytes were cultured and incubated as described in Fig. 4B . Intracellular lipid was extracted, dissolved in 5% Triton X-100, and assayed by enzymatic method as described in "Materials and Methods". The values are mean±S.D. for 3 experiments. * Significantly different from the control value. p<0.01 mined by enzymatic methods. DHAat 1 mMincreased intracellular TG, PL, and TC content by 4.8-, 1.6-, and 1.8-fold, respectively (Table VI) . Specific activities of TG and TC of DHA-treated cells calculated from Table  V and VI were 2-and 1.1-fold, respectively, compared to those of control cells. These results indicate that lipid synthesis is stimulated by DHA,and are consistent with the results shownin Table IV. The accumulation of these lipid induced by DHAseems to be due to the stimulation of lipid synthesis ( Fig. 2B and Table V ) and the reduction of the rate of lipoprotein secretion by DHA (Table I , II, and III). Since about 70% of the secreted lipoprotein consists of TG (Table III) , if secretion of the lipoprotein is inhibited, the content of intracellular TGseems to increase, and it is suggested that TG was particularly accumulated in DHAtreated cells.
DISCUSSION
Wehave observed three remarkable characteristics on the effect of DHAon synthesis and secretion of lipoprotein in cultured eel hepatocytes. The first is that intracellular lipid synthesis was stimulated by DHA.This was deduced from the results that DHAincreased intracellular lipid synthesis from 14C-acetate by 3.5-fold ( Fig. 2B ) and intracellular TG, FC, and CE syntheses in DHA-treated cells were 9.7-, 1.6-, and 8.5-fold, respectively (Table V) . The specific activity of intracellular TG was 2 times higher than that of control. The increase in lipid synthesis and the specific activity of TGseems to reflect the specific activities of lipid of the secreted lipoprotein (Table IV) and the specific activities of TG, PL, and TC of the lipoprotein secreted by DHAtreated cells were 1.8, 3.2, and 2.9 times higher, respectively, than those by control cells. It was reported that DHAand EPAstimulated degradation of apo B protein and this degradation was the reason to reduce VLDL secretion since apo B is essential for VLDLassembly (20). The lipoprotein secreted by eel hepatocytes contains apo B corresponding to apo B48 as a main apoprotein (24) , but by the higher specific activity of apoproteins secreted by DHA-treated cells it would be difficult to explain the increase of apo B degradation (Table IV) . There are many reports describing the inhibitory effect of DHAor EPA on intracellular lipid synthesis (7, 15, 16) . These reports compare EPA-treated and oleic acid-treated cells. Recently Lin et al. (12) , using primary human hepatocytes, reported that EPA-treated cells synthesized intracellular lipid at higher rate than control cells incubated with only bovine serum albumin, but at lower rate than oleic-acid-treated cells. Stimulatory effects of DHAand EPAon TGsynthesis were also reported using primary culture of rat hepatocytes by Wang et al. (20) , who described that 0.8 mMDHAstimulated TG synthesis 2-fold compared to TG synthesis by control cells. Inhibitory effect of EPA on acyl-CoA: 1 ,2-diacylglycerol acyltransferase was reported (17) and its activity seems particularly to affect TG synthesis from diacylglycerol (DG), suggesting that DGsynthesis is more stimulated than TGsynthesis by EPA-or DHA-treated cells as reported by Lin et al. (12) .
The second characteristic is that DHA inhibits the secretion of lipoprotein. The amounts of radioactivity and contents of the secreted lipoprotein were reduced by DHAas shown in Table I , II, and III. Radioactivity of lipids such as TG, PL, FC, CE, and FA of the secreted lipoprotein as measured by the amounts of 14C-acetate incorporated by these lipid in DHA-treated cells was 54.6% of that of control cells and similarly, radioactivity of apoproteins of the secreted lipoprotein incorporating 3H-leucine in DHA-treated cells was 59.8% of that of control (Table I and II) . Furthermore, DHAspecifically reduced the amounts of 3H-leucine incorporated by the secreted lipoprotein, but not by the other secreted proteins (Table II) . The amount of lipoprotein secreted by DHA-treated cells was 16.6% of that by control cells (Table III DHA-treated and control cells was the same (Table I ).
The chemical composition of the lipoprotein secreted by DHA-treated and control cells was also the same (Table IV) . Similarly, the profile of apoproteins determined from protein-staining or autoradiogram after SDS-PAGEof the lipoprotein secreted by DHA-treated and control cells was the same (Fig. 4) . These results suggest that DHAdid not affect the particular lipid and apoproteins synthesis, but affected the assembly or secretion of a lipoprotein particle. The third characteristic is that DHAinduced the accumulation of intracellular lipid. The intracellular contents of TG, PL, and TC were increased in the DHAtreated cells by 4.8-, 1.6-, and 1.8-fold, respectively (Table VI) . The accumulation of these lipid induced by DHAseems to be due to the stimulation of lipid synthesis and the reduction of the rate of lipoprotein secretion by DHA.The fact that the most increased lipid in the DHA-treated cells was TGseems due to decreasing the secretion of lipoprotein, since about 70%of the secreted lipoprotein consists of TGas shown in Table III . The induction of the increase in TG content in DHAtreated hepatocytes of eel were consistent with the report by Yaqoob et al. (23) , who conducted experiments on fish oil feeding using rats and found that the liver of rat fed fish oil contained higher amount of TGthan the liver of control rat fed low fat. These three characteristics described above together with recent reports using cultured human (12) and rat (20) hepatocytes indicate that DHAinhibits the assembly or the secretion of lipoprotein and that there is no difference of the primary action of DHAon lipoprotein metabolism by eel and mammalian hepatocytes. However, in cultured eel hepatocytes addition of eel serum
VLDLor HDL, in spite of its containing DHAand EPA, stimulates the synthesis and secretion of lipoprotein (14, 25) . The amount of free DHAor EPA produced, if any, from the decomposition of incorporated VLDLor HDLis rather small, and they could not inhibit the secretion of lipoprotein as described in this paper. Though we have not determined intracellular DHAand EPA content, the ratio of intracellular TG, PL, FC, and CE to free DHAand EPAin serum VLDL-or HDL-treated cells seems to be lower than that in DHAtreated cells. The low ratio seems to stimulate the synthesis and secretion of lipoprotein by serum VLDL-or HDL-treated cells. The increased production of fatty acids containing DHAand EPAleads to increased inhibition of the secretion of a lipoprotein. However, the sensitivity of DHAor EPAto inhibit lipoprotein assembly and secretion seems different among animals. TGsecretion through VLDLby EPA-treated human hepatocytes was lower than that by control cells, but in EPAtreated rat hepatocytes TGsecretion was the sameextent with that in control cells (12). Whencompared to rat hepatocytes, humanhepatocytes are more sensitive to DHAin terms of its effect on lipoprotein secretion than rat cells. The sensitivity to DHAin eel hepatocytes seems to be similar to human hepatocytes since the inhibitory effect on TGsecretion in the former and the latter was over 80% and 40% (13), respectively.
